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ABSTRACT

RELAXING MUSIC EFFECTS ON IMPLICIT RACIAL BIAS
AND NEURAL ACTIVITY
by
Viktoriya Robertovna Broyan
May 2019

Music therapy has been used to treat a number of behavioral and emotional
problems, including reducing the undesirable effects of having negative and traumatic
associations with something/someone (e.g., PTSD). However, there have been no studies
that have shown music therapy being used to treat prejudiced beliefs and biases. It was
theorized that if music therapy has been used to help treat PTSD symptoms with great
success, it is possible that those therapeutic effects could positively extend out to racial
bias as well. The purpose of this ERP study was to investigate whether relaxing music
could reduce implicit racial bias, specifically examining P3 brain wave amplitude
differences in individuals when looking at White and Black faces. Results showed
significantly larger P3 responses when looking at Black faces, compared to White faces.
Participants listening to relaxing music (Gymnopédie No. 1 by Erik Satie) had a
significantly less enhanced P3 amplitude. All participants completed the following scales:
Internal and External Motivation to Respond without Prejudice, Motivation to Control
Prejudiced Reactions, and Color-Blind Racial Attitudes Scale.
Keywords: ERP, P3, relaxing music, racial bias

iii

ACKNOWLEDGEMENTS
I would first like to thank Dr. Ralf Greenwald for being an amazing committee
chair. Your wisdom, support, and encouragement have always inspired and motivated me
to pursue my goals and push myself to perform to the best of my ability. I will truly
cherish the years I've spent in your Brain Dynamics & Cognitive Neuroscience Lab as an
undergraduate and graduate student and can only hope to one day make as much of an
impact on someone like you have. Thank you for always believing in me and instilling
confidence in me.
I would additionally like to thank the phenomenal undergraduate students in the
lab, Tyler Ussery and Ryan Woody, for all of their hard work and support for my
research in the lab. Your expertise in music cognition and music analysis have been a
tremendous asset for my study.

iv

TABLE OF CONTENTS
Chapter

Page

I

INTRODUCTION ........................................................................................ 1

II

LITERATURE REVIEW ............................................................................. 5
Electroencephalography and Event-Related Potential Overview ........... 5
ERP Measurement and Bias .................................................................... 6
Medical Applications of Music Therapy and Music Choice .................. 7
Unpleasant Memories and Relaxing Music Effects ................................ 9
Neural Processing and Musical Training .............................................. 10
Music and Racial Bias ........................................................................... 11

III

METHODS ................................................................................................. 13
Participants ............................................................................................ 13
Materials ................................................................................................ 13
Procedure............................................................................................... 16

IV

RESULTS ................................................................................................... 20
Music Analyses ..................................................................................... 20
Scale Ratings ......................................................................................... 24
ERP Grand Averages ............................................................................ 29

V

DISCUSSION ............................................................................................. 35
Current Findings.................................................................................... 35
Limitations ............................................................................................ 40
Future Research ..................................................................................... 41
Conclusion............................................................................................. 42
REFERENCES ........................................................................................... 44
APPENDIXES ............................................................................................ 53
Appendix A—Chicago Face Database.................................................. 53
Appendix B—Prejudice and Racial Attitudes Survey .......................... 54
Appendix C— Gymnopédie No. 1 Sheet Music ................................... 63

v

LIST OF TABLES
Table

Page

1

Summary of Music Analyses ...................................................................... 24

2

Rating Scores and Participant Commentary ............................................... 25

3

Internal and External Motivation to Respond without Prejudice................ 26

4

Motivation to Control Prejudiced Reactions .............................................. 27

5

Color-Blind Racial Attitudes Scale ............................................................. 28

6

Means and Standard Deviations of P3 Amplitudes .................................... 29

7

Multivariate Analysis of Variance .............................................................. 31

vi

LIST OF FIGURES
Figure

Page

1

Visual odd-ball task .................................................................................... 15

2

3D music frequency .................................................................................... 22

3

Rare stimuli P3 brain wave Pz grand averages when presented with the
visual-odd-ball stimuli ................................................................................ 32

4

Frequent stimuli P3 brain wave Pz grand averages when presented with
the visual-odd-ball stimuli .......................................................................... 33

5

Grand average 3D Pz topography ............................................................... 34

vii

CHAPTER I
INTRODUCTION
Music has existed in different cultures for thousands of years. Although the first
systematic experiment for treating medical issues with music therapy was not
documented until 1899 by the American psychiatrist and neurologist, James Corning
(Corning, 1899; Davis, 2012), the healing effects of music can be traced all the way back
to Pythagoras and ancient Greece around the 600-500 BC era (Weiss, 2016). Pythagoras
uncovered that music was based on ratios and believed that different musical modes have
different effects on individuals. Numerous authors from 400 and 300 BC, including Plato
and Aristotle, report the use of music and chants by Pythagoras for therapeutic purposes
on individuals who were ill or diseased (Weiss, 2016). In more recent history, studies on
the psychological and physical therapeutic effects of music continue to grow. Music
therapy has been used in cancer patients and palliative care, as well as those suffering
from stroke (O'Kelly, 2016). More recently, Kamioka et al. (2014) evaluated dozens of
studies that show evidence for music therapy effectiveness, indicating that depressive
symptoms, sleep quality, gait and related rhythmical activities in Parkinson's disease,
social functioning in schizophrenia, and social functioning in serious mental disorders all
demonstrate improvement. Overall, it is clear that music can have a therapeutic impact on
the human mind and body. Even motor rehabilitation is now possible with music therapy.
For example, improved gait (i.e., longer step and stride lengths) was seen in individuals
with Parkinson's disease after receiving music therapy that specifically plays rhythmic
music (Bukowka, Krężałek, Bujas, Mirek, & Marchewka, 2015). However, although the
1

effects of music have been observed in people with various physical and mental
problems, there is not enough information on what it is about the music itself to
contributes to these therapeutic effects.
Despite the use of music therapy to treat numerous ailments, there is still much to
be investigated, including other potential avenues for music therapy research. Music
therapy has been used to treat a number of behavioral and emotional problems, including
using music to help lessen the undesirable effects of having negative and traumatic
associations with something and/or someone. For example, music therapy has been used
to help reduce the harmful symptoms of PTSD, resulting in an improvement in quality of
life for individuals (Landis-Shack, Heinz, & Bonn-Miller, 2017). However, there have
been no studies that have shown music therapy being used to reduce prejudiced thoughts
and preconceptions. Prejudiced and stereotypical beliefs arise due to many different
reasons. In simplest terms, implicit racial bias can develop because of harboring negative
associations due to a previous direct or indirect experience with an outgroup member.
Implicit racial biases are especially more prone to occur due to a phenomenon known as
out-group homogeneity bias (i.e., perceiving outgroup members as less variable than
ingroup members [Ackerman et al., 2006; Anthony, Cooper, & Mullen, 1992; Ostrom &
Sedikides, 1992]). More recently, researchers have attempted to create an intervention
that could help reduce implicit biases in individuals for the long-term (Devin, Forsche,
Austin, & Cox, 2012). However, there is still much ambiguity on which specific
components reduce prejudiced attitudes. Combatting racial and ethnic bias has been a
challenge for hundreds of years and continues to be prevalent in America (Bertrand &
2

Mullainathan, 2004; Bradford, Newkirk, & Holden, 2009; Correll, Judd, & Wittenbrink,
2002; McConnell & Leibold, 2001; Mitchell, Haw, Pfeifer, & Meissner, 2005; Vontress,
Woodland, & Epp, 2007). Because minorities continue to endure racial bias and prejudice
in today's society, it is important that more research be conducted to investigate possible
strategies to reduce discrimination.
There have been attempts to further investigate racial bias, specifically to
determine if there are correlations between implicit bias test scores and brain wave
activation. There are very few implicit bias scales that exist, and most are outdated. The
two most commonly known are the Implicit Association Test created by Greenwald,
McGhee, and Schwartz (1998) and the Modern Racism Scale created by McConahay
(1986), but there are concerns regarding construct validity and replicability with these
scales (Ito et al., 2015). Other prejudice scales have been created to further understand
the relation between test scores and prejudiced attitudes. For example, Dunton and Fazio
(1997) developed the Motivation to Control Prejudiced Reactions scale, followed by
Plant and Devine (1998) who developed the Internal and External Motivation to Respond
Without Prejudice scale. These scales were created to investigate the reasoning behind
individuals wanting to appear and react in a less prejudiced manner. However, these
scales have been criticized as poor measures of implicit bias as they focus more on the
individual's desire to control their biases. Additionally, psychologists have tried to
discover whether color-blind racial attitudes (i.e., racial issues not mattering or existing to
the individual) are associated with increased racial prejudice. Neville, Lilly, Duran, Lee,
and Browne (2000) developed the Color-Blind Racial Attitudes Scale to investigate this.
3

In order to gauge implicit bias better, methodology and implicit bias scale construction
improvements need to be made.
To better understand racial and outgroup bias (i.e., negative attitudes towards a
different social group than one's own), social psychologists and neuroscientists have
investigated brain wave differences that occur during racial face processing. Specifically,
researchers evaluated the possible ways neural activity can show implicit biases,
attitudes, and face perception. For example, the late positive potential (LPP) brain wave,
which occurs anywhere between 300 to 800 msec after onset of a stimulus, has been
investigated in implicit attitude studies using an electrophysiological monitoring method
(Ito & Cacioppo, 2007). Research has shown that there are significant brain wave
differences due to outgroup bias and/or same-group favoritism (i.e., preference for one's
own social group) when looking at different racial groups (McConahay, Hardee, & Batts,
1981; Ofan, Rubin, & Amodio, 2011; Ratner & Amodio, 2013). The following sections
will provide an overview on event-related potentials (ERPs) and ERPs in relation to
implicit bias. Additionally, the following sections will take a closer look at the medical
advances and challenges in music therapy, as well as the beneficial effects of music.

4

CHAPTER II
LITERATURE REVIEW
Electroencephalography and Event-Related Potential Overview
Encephalograms (EEGs) are commonly used in studies investigating music
effects on the brain, especially since they are more cost-effective than functional
magnetic resonance imaging (fMRI). An EEG is a noninvasive test that is used to track
neural activity in the brain. Neural communication occurs through electrical impulses.
When there is a specific event, whether it is sensory, motor, or cognitive, electrical
potentials are generated by firing neurons (Amodio, Bartholow, & Ito, 2014). Timelocked neural activity, event-related potential (ERP), reflects brain wave activation
during stimulus presentation (Sur & Sinha, 2009). These electrical signals can be detected
and captured, in real-time, on the scalp by the electrodes on an EEG cap. The waveforms
collected are described in latency (i.e., time in milliseconds after onset of stimulus) and in
amplitude (i.e., voltage varying from -100 to 100 microvolts), and are typically reported
as a grand average of the fired signals (Coles & Rugg, 1995). There are several different
ERP waveforms that have their own component waves. These ERP components are
defined and labeled due to a variety of factors: latency, scalp distribution, polarity (i.e.,
positive-going or negative-going voltage deflections), and sensitivity to specific task
manipulations and sensory presentation (Woodman, 2010). For example, the P3
waveform, a positive waveform that typically peaks at around 300-400 msec after the
presentation of the stimulus, is a large-amplitude potential and is distributed at the
parieto-central scalp. The P3 waveform is most commonly investigated during oddball
5

tasks (i.e., tasks where the individual is responding to a target stimulus that is presented
infrequently amongst standard stimuli [Nieuwenhuis, De Geus, & Aston-Jones, 2011]).
ERP measurements have been obtained in a wide variety of studies evaluating mental
processing during presentation of a stimulus. The next section will examine how ERPs
have been used in implicit bias studies.
ERP Measurement and Bias
EEG studies have assessed implicit attitudes, facial perception, and racial
processing by looking at specific brain waves. For example, the P3 brain wave has been
widely studied as it has been known to display increased amplitude when there is a task
discrepancy between the presented stimuli or stereotypical incongruities. Osterhout,
Bersick, and McLaughlin (1997) reported enhanced P3 amplitudes in participants who
read violated gender-stereotypical sentences (e.g., The brave firefighter pulled herself
from the flames; The housekeeper poured himself a cup of coffee). Similarly, and more
recently, Proverbio, Orlandi, and Bianchi (2017) conducted a study where participants
were shown violated gender-stereotypical sentences. However, they instead investigated
the N4 wave (a waveform sensitive to semantic processes, occurring at about 400 msec
after stimulus presentation) and found that there was a greater anterior N4 response and a
greater left anterior negativity, suggesting that the N4 is also sensitive to stereotypical
violations. Bartholow, Dickter, and Sestir (2006) have also shown that the enhanced
amplitude of the P3 wave is similarly seen when individuals are shown violated racialstereotypical words. It is evident that certain demographic categories, such as race and
gender, are processed almost automatically. Ito and Urland (2003) found that the N1, P2,
6

and P3 were larger in amplitude when White participants looked at pictures of Black
males and females, compared to pictures of White males and females. These studies
indicate that there are several brain waves that indicate distinct patterns of activity that
occur when participants are presented with stereotypical incongruences. ERP studies can
also be used to identify neural and information processing, particularly in relation to the
stimulus and the response. For instance, music effects on the brain have also been
extensively measured using EEG to gain information on how the brain processes music.
The following section will focus on the therapeutic effects of music.
Medical Applications of Music Therapy and Music Choice
Music has a powerful effect on the brain. Moreover, music therapy is noninvasive
and a cost-effective intervention. This has motivated researchers to investigate the
potential therapeutic effects for a variety of different psychological and medical
disorders. Depression, anxiety, schizophrenia, autism, dementia, agitation, substance use
disorder, and sleep disorder are just a select few medical conditions that may benefit from
music therapy (Lin et al., 2011). The benefits are even more evident when music therapy
is combined with other forms of evidence-based therapies for specific ailments.
It is evident that music choice plays an important role in recovery. For example,
Drăgulin and Constantin (2016) discuss the various physiological and psychological
effects that the different vibration frequencies of music can induce, noting the importance
of timbre (sound quality/tone texture) and tone of music on emotion. Since music therapy
can be a very effective treatment for a variety of mental health problems, it is essential to
establish and use the most effective music genre for the specific individual. One of the
7

challenges with catering to each individual is that there is not a specific or standard music
genre that is used in music therapy sessions. Choosing what kind of music to use in a
music therapy session can be difficult (Drăgulin & Constantin, 2016). What is relaxing to
one individual can have a completely different effect on another individual. Individual
preference and culture are very important in determining the music choice to implement,
which is why music therapy is tailored toward each specific individual. However, it is
also important to note that using a music piece that the client is already very familiar with
reduces the therapeutic effects, as new experiences from the music piece are significantly
lessened (Drăgulin & Constantin, 2016).
A prepared and experienced music therapist should consider a variety of factors
before determining what kind of music will be used for therapeutic purposes. Drăgulin
and Constantin (2016) provide five essential factors that need to be determined before
music therapy is implemented: a) The individual’s positive and/or negative reaction (i.e.,
mood, affect) to music overall; b) The individual’s reaction to a specific music genre; c)
Whether the possible music therapy benefits increase self-confidence in the individual; d)
If there are different circumstances, settings, and/or situations that may result in different
reactivity to music; and e) The musical culture that is unique to the individual. Musical
culture includes favorite songs, artists, music education/training history, devices used to
listen to music, and can additionally be influenced by the participant’s ethnic culture.
Specific types of music (e.g., relaxing music pieces) can be influential and affect the
brain in different ways. The following section will focus on the therapeutic effects of
relaxing music.
8

Unpleasant Memories and Relaxing Music Effects
People tend to remember emotional events with much greater accuracy and detail
than non-emotional or less emotional events (Heuer & Reisberg, 1990). However,
remembering emotional events in greater detail is not always desirable. Emotional events
are often negative ones, resulting in traumatic and unwanted memories. For individuals
suffering from post-traumatic stress disorder, depression, and/or anxiety (for example),
recollecting negative emotional events is detrimental to their mental health and wellbeing. Therefore, it is beneficial to consider whether memory recollection for unpleasant
emotional events could be countered. Rickard, Wong, and Velik (2011) investigated
whether recollection of an emotional event could be less accurate if relaxing music was
implemented either during or after reading about the emotional event. Specifically, they
wanted to explore the possibility of using therapeutic music for emotional memory
purposes. Two experiments were conducted to test the hypothesis that relaxing music
could reduce accurate emotional memory recall.
In the first experiment, the participants either read an emotional story while
listening to relaxing music, read an emotional story without listening to any music, read a
neutral/nonemotional story while listening to relaxing music, or read a
neutral/nonemotional story without listening to any music. Gymnopédie No. 1, piano
composition written by Erik Satie (1888), was played during both music conditions (as it
was found to be more relaxing than other music pieces, per the participants in the
previous pilot study). After completing the study, the participants returned in one week
and filled out a 76-question memory test about the story they read. Results showed that
9

memory recall was more accurate in the emotional story conditions (as anticipated).
Interestingly, however, the results showed that memory recall was significantly less
accurate in the relaxing music conditions.
It could be argued that listening to music while attending to an emotional story
could be distracting, and therefore explain reduced memory recall. However, it could also
be reasoned that personality differences and previous music training could have affected
the effects of the music for the participants in the music conditions. The second
experiment was conducted to account for these possible confounding variables. This time
there were six different conditions. Emotional and neutral/nonemotional story conditions
were still included. However, the second experiment used background sound, arousing
music, and relaxing music. The results still showed that the participants’ memory recall
was significantly less accurate if they listened to a relaxing music piece after reading
about the emotional event. This confirms that music did not interfere and cause an
auditory distraction in the first experiment. Personality differences, prior music training,
or mood and arousal levels before the experiment had no effect on the results of the
second experiment (Rickard et al., 2011). Overall, this study was an example of how
music, specifically relaxing music, can affect emotional processing. The following
section will discuss how music therapy, as well as musical training, has shown to have
beneficial effects on the brain.
Neural Processing and Musical Training
With the development of sophisticated neuroimaging technologies, research and
implementation of music therapy in the medical and neurosurgical fields has become
10

more prevalent. Musical training has even been shown to result in improved executive
functioning, and auditory processing. This becomes more evident when the musical
training occurs from preschool ages to adolescent ages (Putkinen, Tervaniemi, Saarikivi,
& Huotilainen, 2015). Auditory and cognitive functioning do not only have positive
benefits in adolescents who partake in musical training at an early age, but this is also
evident in older adults, particularly showing improved episodic and semantic memory.
(Gooding, Abner, Jicha, Kryscio, & Schmitt, 2013). An example of enhanced auditory
processing can also be demonstrated in Du and Zatorre's (2017) fMRI study, where
musicians were able to identify syllables much more accurately during various
background noise decibels. Investigators have also taken interest in identifying how
musical training, auditory processing, and linguistic reading skills are connected. Music
therapy and interventions are now being incorporated to identify if music can enhance
neural processing. For example, Zhao & Kuhl (2016) have recently discovered that the
benefits from musical training at an early age can generalize over to speech processing
benefits. Forty-seven nine-month old monolingual infants were recruited in this study and
given a music intervention. As a result, they found that there was enhanced neural
processing of music temporal structure, which generalized to speech temporal structure
processing. This suggests that a rich auditory environment (i.e., tunes and songs) can be
just as beneficial as a rich language environment.
Music and Racial Bias
As discussed previously, music therapy has been used to treat a wide range of
emotional and behavioral problems. However, there is no previous literature on music
11

therapy being used to reduce racial bias (or any bias in general). Despite investigation of
racial biases and prejudiced attitudes, there continues to be an absence of a clear,
evidence-based intervention for reducing prejudice, stereotypical judgments, implicit
racism (i.e., nonconscious prejudiced judgments about different racial groups than one's
own), and explicit racism (i.e., conscious, overt racial discrimination towards different
racial groups than one's own). This raises an important question as to whether therapeutic
music effects can potentially extend to reducing and treating racial bias. Relaxing music
has been shown to reduce memory recall for unpleasant and negative emotional
memories (Rickard et al., 2011). It is worthwhile to investigate whether relaxing music
therapy could one day lessen racial biases over time. The purpose of this study was to
investigate whether the implementation of a relaxing music piece could reduce implicit
racial bias, specifically examining P3 brain wave activity differences in individuals
during a visual odd-ball task containing photographs of White and Black faces. All
participants completed the following scales that identified their views on prejudice and
racial attitudes: Internal and External Motivation to Respond without Prejudice,
Motivation to Control Prejudiced Reactions, and Color-Blind Racial Attitudes Scale.
It was hypothesized that higher scores on the prejudice and racial attitudes survey
will correlate with a more enhanced P3 amplitude when looking at Black faces, compared
to looking at White faces. It was also hypothesized participants in the relaxing music
condition will have a less enhanced P3 amplitude when looking at Black faces, compared
to participants looking at Black faces in silence.

12

CHAPTER III
METHODS
Participants
Sixteen students (14 females and 2 males) at Central Washington University
completed this study. Of these students, ten identified as White/Caucasian, four as
Hispanic/Latino, and two as Black/African American. Participants were recruited via the
university's Sona research system (i.e., a Department of Psychology website that allows
students to sign up for any ongoing psychology-related research studies). All of the
participants were given the choice to enter a raffle to win a 100-dollar Visa card for
participating in the study.
Participants in this study were all 18 years of age or older (M = 19.7 years) and
free of any substance use, persistent medication use, and neurological disorders. None of
the participants had a visual or auditory impairment that hindered their ability to see
pictures or hear music. Only two participants reported a history of playing a musical
instrument: 1) piano for four years; and 2) trumpet for ten years.
Materials
Prejudice and Racial Attitudes Survey. Each participant completed a survey
before the EEG portion of the study. The survey included all of the items from the
Internal and External Motivation to Respond Without Prejudice scale (Plant & Devine,
1998), Motivation to Control Prejudiced Reactions scale (Dunton & Fazio, 1997) and the
Color-Blind Racial Attitudes Scale (Neville, et al., 2000), presented in this order. All the
items within their own scale were randomized. All items from each survey were on a 513

point Likert scale (i.e., strongly agree, agree, neutral, disagree, strongly disagree) to allow
for better comparison during data analysis. To avoid participants handing in the
completed survey to the researcher, the completed survey was placed (by the participant)
into a large drop box by their desk, with a reinforced door and key lock. This drop box
contained a 12-7/8" slot opening with a saw-toothed baffle.
Equipment. The Neuroscan EEG 32-channel Quik-Cap was used, along with the
SCAN 4.5 Neuroimaging software for EEG collection and recording. The SCAN 4.5
software was used to analyze the P3 brain wave and to obtain grand averages for
amplitude and latency, specifically at the Pz (midline parietal) electrode. The modified
visual odd-ball task was inputted and presented in STIM2, a software that interfaces with
SCAN 4.5 and records brain wave activity in real-time during the onset of visual stimuli.
Visual odd-ball task. Participants viewed color photographs of White and Black
male and female adult faces. These images were compiled from the Chicago Face
Database (Ma, Correll, & Wittenbrink, 2015) and were inputted into the Neuroscan
STIM2 software to be shown on the participant's computer screen. In order to
appropriately investigate P3 brain wave amplitude differences, a rare, incongruent visual
stimulus, serving as the odd-ball, had to be presented. In this study, the visual odd-ball
task consisted of two trials. To identify whether White faces versus Black faces elicited a
stronger P3 amplitude, each of the two trials had a different odd-ball stimulus. The oddball stimuli in trial 1 were Black faces presented only 20 percent of the time among
White faces. In other words, after five consecutive White faces, a Black face would
appear. The odd-ball stimuli in trial 2 were White faces presented only 20 percent of the
14

time among Black faces. There were 170 photographs in each trial. Both trials were about
10 minutes long and were separated by a short one to two-minute break. Figure 1
provides an example of the photograph presentation in trial 1 of the visual odd-ball task.

Figure 1. Visual Odd-Ball Task. Each photograph was on the computer screen for three seconds before
automatically displaying the next photograph after half a second. All photographs were presented one at a
time on a white background. The sex of the individuals in the photograph alternated between male and
female. The images included the entire head, hair, and the top of the shoulders. All of the individuals in the
photographs were wearing a grey shirt to prevent the clothes from distracting the participant. The faces had
a neutral facial expression. All images in both trials were unique (i.e., no photograph was shown more than
once).

Auditory stimuli. Half of the participants listened to Gymnopédie No. 1 through
two stereo, surround, Bluetooth speakers (5.8 x 5.8 x 7.9 cm) located on their desk (i.e.,
15

one on each upper corner of the desk). Speakers were taped to the desk to ensure that they
were at equal distance for each participant and the same volume was used for all
participants. The speakers were exactly three feet apart and were about three feet from
the participant's ears. The music was stopped once the second trial was complete.
Procedure
Upon arrival to the lab, participants were seated at a desk with a computer. Once
the participant was seated, they were given the informed consent to read over and sign.
Participants were aware that they could leave at any time before the study was complete
and that they would be allowed to do so without any penalty. After written consent was
obtained, participants were given a handedness questionnaire (i.e., questions about left
versus right hand use) and a demographic questionnaire (i.e., questions asking for age,
sex, race, head injury history, and musical instrument use history). All documents were
completed by the participant without the presence of the researcher. The researcher was
in the adjacent room with the door open during their completion of these documents. This
was to prevent any uneasiness about providing identifiable information with the
researcher in the room. If the participant had any questions or concerns, they were able to
call out to the researcher at any time, as the rooms were right next to each other and any
of the participants' verbal questions or comments were easily heard. Once the participants
completed the forms, the researcher collected them and provided the survey (i.e., items
on prejudice and racial attitudes) for the participant to complete. See Appendix B for how
the survey was presented to the participants. The researcher again stepped out of the
room and requested that the participant to drop the survey packet into the locked drop
16

box next to their desk when finished. Participants called out to the researcher once they
completed the survey.
A unique alphanumeric code was assigned to all of the documents the participants
completed, except for the consent form. Their name on the informed consent cannot be
traced to any of the collected data. The EEG data folder was labeled with the same
alphanumeric code. This process ensured confidentiality and prevented the investigator
from seeing and tracing identifiable and/or sensitive information back to the participant.
Once all documents were completed, participants underwent preparation for cap
fitting. To reduce impedance, skin was prepped using an alcohol pad and Nuprep at each
of the three loose electrode sites. All participants were fitted with the medium (i.e., 5559cm) Neuroscan 32-channel Quik-Cap. Quik-cell conductive electrolyte mixture was
added to each electrode with a micropipette. Once it was indicated that there were good
EEG recordings in SCAN, participants were turned around to face the computer screen.
The viewing angle was computed and is reported as 61.3 degrees by 38.5 degrees. This
was calculated per the lab formula: A = 57.3 x (r / d), with r referring to the size of the
stimulus in cm and d referring to the viewing distance in cm. The chair the participants
were seated in was placed in the same position for all participants, at the taped line on the
floor. This was to ensure that the viewing angle was the same for all participants.
Participants were instructed not to move their EEG cap, speak, move their chair.
They were told that their task was to simply look at the photographs on the computer
screen. No mouse-clicking or keyboard button-pressing was required. Participants were
informed that the researcher would return after the first trial to provide them a short break
17

before the second trial. After the participants verbalized their understanding, they were
informed that the task would begin shortly, and their door was closed. The visual odd-ball
task on the STIM2 software and EEG recording was started. If the participant was in the
music condition, Gymnopédie No. 1 started to play as soon as the visual odd-ball task
was started. Participants in the non-music condition viewed the visual odd-ball task in
silence.
ERP Data Collection. Electrical impedance of each electrode was minimized to
under 5mΩs, and the system was referenced on the nasion (i.e., the area between the
eyebrows, above the nose). Eye blinks were monitored via an electrode positioned at the
outer canthus (i.e., corner) of the left eye. Electrodes were aligned in a 10 to 20 system,
meaning the distances between adjacent electrodes were either 10 or 20 percent of the
total front-back, left-right distance of the skull. Actual electrophysiological data were
recorded from 28 electrode sites distributed evenly across the scalp using silver/silverchloride (Ag/AgCl) electrodes attached to an elastic cap (Neuromedical Supplies Inc.)
and a Neuroscan amplifier/stimulator with the SCAN 4.5 software. Data were recorded
continually and epoched into ERPs time lock to the onset of the visually presented
experimental stimuli. The stored epoch encompassed 1100 msec (including a 100 msec
prestimulus baseline) relative to stimulus onset. ERPs were averaged across -100 msec to
700 msec relative to cue onset and for target-locked ERPs from -100 msec to 1000 msec
relative to target onset.
Amplification of the continuous EEG recording were from 0.15 to 70 Hz (1 to
100 Hz for the VEOG channel) and digitized through the Neuroscan acquisition interface
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system. Continuous analog-to-digital conversion of the EEG and stimulus trigger codes
were performed online by the Neuroscan acquisition interface system. Signal averaging
was conducted after offline artifact rejection and baseline correction.
Individual epochs were examined and rejected whenever electrical activity in
either VEOG (Blink) channel or the frontal channels (FP1, FP2) exceeds ±50μV.
Successfully averaged ERP waveforms were then digitally bandpass-filtered with a filter
slope of -12 dB per octave to remove ambient electrical noise and muscle artifact (e.g.,
eye blinks).
Experimental Design. This study used a one-way multivariate analysis of
variance (MANOVA) design to examine the effect of music on P3 brain wave amplitude,
when looking at White and Black faces. The independent variable was the presence of
music. There were two levels: a) no music playing during the visual odd-ball task; and b)
relaxing music playing throughout the entire visual odd-ball task. The important variable
here is the absence or addition of an auditory stimulus (i.e., no music versus relaxing
music). There were four dependent variables to specifically measure the amplitude (i.e.,
strength in microvolts) of the P3 wave (i.e., brain wave occurring from about 300-600
milliseconds) at four different times: White Rare (i.e., White faces presented as the rare
stimulus), Black Rare (i.e., Black faces presented as the rare stimulus), White Frequent
(i.e., White faces presented frequently), and Black Frequent (i.e., Black faces presented
frequently). Grand averages of the brain waves were obtained and reported at the Pz
electrode site. Means and standard deviations were obtained to analyze the ratings for the
three scales.
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CHAPTER IV
RESULTS
Music Analyses
A pilot study was run to determine participant ratings of relaxation on three piano
composition pieces that have been used in previous research studies (Gymnopédie No. 1
by Erik Satie, The Piano Sonata by Beethoven and Bach's prelude in Well-Tempered
Clavier by Kimiko Ishizaka). Gymnopédie No. 1 was rated the most relaxing by 19 out of
25 participants and was therefore chosen for this study. The three music pieces used in
the pilot study were analyzed to help determine what aspects of the music caused the
participants to feel relaxed. The decibel levels (i.e., the ratio between two corresponding
signals indicating the strength of a signal) for all three music pieces were measured and
corrected using decibel units full scale (dBFS) and loudness units full scale (LUFS)
measurements. The decibels for each music piece were corrected in order to provide a
more consistent volume for the participants between the switching of songs and to help
mitigate the possible influences of a lesser to greater, or vice versa, decibel playback.
LUFS perceived loudness measurements are relative to EBU R-128 (a standard for
loudness management and determining broadcasting levels). The correction of decibels
was also conducted in lieu of the use of dynamic range altering tools, such as
compression or limiting, to help prevent the possible changing of the frequency spectrum
that those tools may cause. Gymnopédie averaged -27.8 dBFS after being corrected by a
reduction of -8 dBFS. The average perceived loudness of Gymnopédie was -28.0 LUFS
with a loudness range of 9.0 loudness units (LU). Piano Sonata averaged -31.4 dBFS
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after being corrected +4 dBFS. The average perceived loudness resulted in -32.1 LUFS
with a loudness range of 10.3 LU. Bach's prelude in Well-Tempered Clavier averaged 26.2 dBFS after being corrected +4.5 dBFS. The average perceived loudness resulted in 26.7 LUFS with a loudness range of 7.1 LU. For a 3D frequency analysis for all three
music pieces, refer to Figure 2.
Harmonic analysis for Gymnopédie No. 1 by Erik Satie shows the key is in D
major, with notes ranging from G1-A4. This music piece is quite unique in a few
different ways. First and foremost, the standard Western rules of part writing (i.e., the
grammar of music) have been completely broken for the late romantic era of classical
music. Most pieces start with a I or V chord and work their way through a myriad of
different typical chords based on strict part writing rules and end with a V-I (or V-I in
minor) cadence (i.e., a certain combination of chords at the end of the musical piece).
This piece does follow the ending with a V-I, but the inter-chordal relationship is
extremely unique. For instance, it is rare to see an I Maj7 chord in a standard piece of this
time in this context, but to be followed by an IV Maj7 is extremely rare. Such dissonance
back to back is very unusual and can create a sense of unrest and an ethereal feeling.
Additionally, there is an exceptional number of modal shifts (i.e., changing the listener’s
perception of the current key being played), which again is very unusual for the time.
This changes the listener’s expectations of what will come next. The music piece has a
moderately thin texture (i.e., few differing musical parts) and is homophonic in nature
(i.e., there is one melody being supported by less important chords). There is an ostinato
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(i.e., repeated musical rhythms) in this music piece that are simple in terms of ratio of
notes to overall pulse.

Figure 2. 3D Music Frequency. 3D analyses are shown in this order: 1) Prelude in Well-Tempered Clavier);
2) Piano Sonata; and 3) Gymnopédie No. 1. The timeline is on the left side (sec) and the frequency (Hz) is
on the right side. The colors have no significance. The higher the spikes, the greater the frequency.
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Harmonic analysis for The Piano Sonata by Beethoven shows the key is in C
sharp minor and the range is from E1-E5. The basic form of this music piece is the
standard sonata form (i.e., consisting of the exposition [main melody], development
[altered melody], and recapitulation [back to melody]. There is a very consistent tripletbase rhythmic ostinato (i.e., a short, repeated, rhythmic pattern) throughout the music
piece which accompanies a relatively simple melodic pattern. The music piece has a
thicker texture than Gymnopédie and is also homophonic in nature. Harmonic analysis for
Bach's prelude in Well-Tempered Clavier by Kimiko Ishizaka shows the key is in C
major and the range is from C2-F5. Other than the obvious key quality difference, this
piece is quite similar to Piano Sonata. One significant difference is that the melody in
this piece is the rhythmic ostinato instead of being accompanied by it. In terms of form,
this one is less apparent as it is technically the prelude to a set of fugues (i.e., different
range of notes interweaving together).
Harmonic analysis for The Piano Sonata by Beethoven shows the key is in C
sharp minor and the range is from E1-E5. The basic form of this music piece is the
standard sonata form (i.e., consisting of the exposition [main melody], development
[altered melody], and recapitulation [back to melody]. There is a very consistent tripletbase rhythmic ostinato (i.e., a short, repeated, rhythmic pattern) throughout the music
piece which accompanies a relatively simple melodic pattern. The music piece has a thick
texture (i.e., many differing musical parts) and is homophonic in nature. Harmonic
analysis for Bach's prelude in Well-Tempered Clavier by Kimiko Ishizaka shows the key
is in C major and the range is from C2-F5. Other than the obvious key quality difference,
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this piece is quite similar to Piano Sonata. One significant difference is that the melody
in this piece is the rhythmic ostinato instead of being accompanied by it. In terms of
form, this one is less apparent as it is technically the prelude to a set of fugues. Overall,
the three music pieces were very similar in rhythm and texture, but elicited different
moods. Refer to Table 1 for a summary of the major music analysis findings and Table 2
for the rating scores and participant commentary regarding the music pieces.
Table 1
Summary of Music Analyses

Mean and (SD)
Commentary

Piano Sonata

Well-Tempered Clavier
(Prelude)

Gymnopédie No. 1

1.84 (0.69)

1.52 (0.65)

2.64 (0.70)*

“dark”, “eerie”,
“somber”, “depressing”,
“mentally stimulating”

“upbeat”, “uplifting”,
“alternating notes”

“simple”, “peaceful”,
“soothing”, “chords
pleasant to ear”,
“audibly pleasing”

Note. The thickness texture is on a scale of 1-5, relative to each of the music pieces. In these classes of solo
piano pieces, the 1-5 scale is representative of the texture of the style of the music piece. It was found in the
pilot study that a simple rhythmic ostinato and less differing music parts (less of a thick texture) were the
most audibly pleasing in terms of relaxation.

Scale Ratings
On the Internal and External Motivation to Respond without Prejudice scale,
participants reported high internal motivation ratings (i.e., 4-agree or 5-strongly agree
selections). Every single participant indicated high levels of internal motivation to
respond without prejudice, with the average rating of 4.35 (i.e., agree). On the five items
on external motivation, only three participants indicated high ratings. The average rating
on external motivation was 3.13 (i.e., neutral). See Table 3 for items and average ratings.
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Table 2
Rating Scores and Participant Commentary
Music Piece

Key

Note
Range

Form

Piano Sonata

C sharp
minor

E1-E5

Standard sonata

Prelude in WellTempered
Clavier
Gymnopédie
No. 1

C major

C2-F5

Intro/prelude

D major

G1-A4

Non-standard
part writing;
similar to sonata

Texture

Rhythm

Decibels
and
(LUFS)

Moderately
thick (3),
homophonic
Moderately
thick (3),
homophonic
Moderately thin
(2),
homophonic

Layered
rhythmic
ostinato
Melody is
the rhythmic
ostinato
Simple
rhythmic
ostinato

-26.2
(-26.7)
-27.8
(-28.0)
-31.4
(-32.1)

Note. Music pieces were rated 1-3, with 1 = least relaxing, 2 = moderately relaxing, and 3 = most relaxing.
Gymnopédie No. 1 was in the lead, with 76% of the participants picking it as their top relaxing choice.
Participants associated a neutral mood with the highest relaxation. Music that elicits more of a sad and
somber mood is portrayed to be more relaxing than music that elicits a more happy, uplifting mood.

On the Motivation to Control Prejudiced Reactions scale, the average rating was
3.52 (i.e., neutral). Although participants had the internal motivation to not respond in a
prejudiced manner, they had less motivation to control those prejudiced reactions. In
other words, although it was important according to their values and society’s values to
behave and think in a non-prejudiced manner, it was not as important to keep offensive or
negative thoughts to one’s self. See Table 4 for items and average ratings.
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Table 3
Internal and External Motivation to Respond without Prejudice
Scale Items

1. I attempt to act in nonprejudiced ways toward black people because it
is personally important to me.
According to my personal values, using stereotypes of black people is
okay (R).
3. Being nonprejudiced toward black people is important to my selfconcept.
4. Because of my personal values, I believe that using stereotypes about
black people is wrong.
5. I am personally motivated by my beliefs to be nonprejudiced toward
black people.
Average Rating
6. Because of today's politically correct standards, I try to appear
nonprejudiced toward black people.
7. I try to hide any negative thought about black people to avoid
negative reactions from others.
8. I try to act nonprejudiced toward black people because of pressure
from others.
9. If I acted prejudiced toward black people, I would be concerned that
others would be angry with me.
10. I attempt to appear nonprejudiced toward black people in order to
avoid disapproval from others.
Average Rating
2.
Internal

External

Mean Rating
4.31
4.25
4.06
4.5
4.63
4.35
4.19
3.19
2.25
3.5
2.5
3.13

Note. R = Reverse scored. High scores on internal motivation items are associated with low racial bias.
High scores on external motivation items are associated with greater racial bias. Paired t-test results showed
that internal motivation items were scored significantly higher than external motivation items (t = 3.49, p =
0.03). All items were on a 5-point Likert Scale (1=Strongly Disagree; 5=Strongly Agree).

The Color-Blind Racial Attitudes Scale assessed three different factors. One
factor assessed whether participants felt racial privilege existed. The second factor
assessed whether participants were aware that there is institutional racism, while the third
factor assessed whether participants were aware that blatant racist acts occur. Factor 1
showed the highest rating score among the three factors (M = 3.08, SD = 1.23). Factor 3
showed the lowest rating score (M = 1.74, SD = 0.95). See Table 5 for the items in each
factor and for the average ratings.
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Table 4
Motivation to Control Prejudiced Reactions
Scale Items
1. In today's society it is important that one not be perceived as prejudiced in any
manner.
2. I always express my thoughts and feelings, regardless of how controversial they
might be (R).
3. I get angry with myself when I have a thought or feeling that might be considered
prejudiced.
4. If I were participating in a class discussion and a black student expressed an
opinion with which I disagreed, I would be hesitant to express my own viewpoint.
5. Going through life worrying about whether you might offend someone is just more
trouble than it's worth (R).
6. It's important to me that other people not think I'm prejudiced.
7. I feel it's important to behave according to society's standards.
8. I'm careful not to offend my friends, but I don't worry about offending people I
don't know or don't like (R).
9. I think that it is important to speak one's mind rather than to worry about offending
someone (R).
10. It's never acceptable to express one's prejudices.
11. I feel guilty when I have a negative thought or feeling about a black person.
12. When speaking to a black person, it's important to me that he/she not think I'm
prejudiced.
13. It bothers me a great deal when I think I've offended someone so I'm always careful
to consider other people's feelings.
14. If I have a prejudiced thought or feeling, I keep it to myself.
15. I would never tell jokes that might offend others.
16. I'm not afraid to tell others what I think, even when I know they disagree with me
(R).
17. If someone who made me uncomfortable sat next to me on a bus, I would not
hesitate to move to another seat (R).
Average Rating

Mean Rating
4.38
2.88
3.69
2.31
2.81
3.94
3.25
4.13
3.38
2.94
3.94
3.69
4.13
4.25
3.63
3.06
2.75
3.52

Note. R = Reverse scored. On average, participants scored 59.13 out of 85 (70%), indicating moderate
levels of motivation to control their prejudiced reactions. All items were on a 5-point Likert Scale
(1=Strongly Disagree; 5=Strongly Agree).
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Table 5
Color-Blind Racial Attitudes Scale

Factor 1

Factor 2

Factor 3

Scale Items
1. Everyone who works hard, no matter what race they are, has an equal
chance to become rich.
2. Race plays a major role in the type of social services (such as type of
health or day care) that people receive in the U.S. (R).
3. Race is very important in determining who is successful and who is not
(R).
4. Racial and ethnic minorities do not have the same opportunities as
white people in the U.S (R).
5. White people in the U.S. have certain advantages because of the color
of their skin (R).
6. White people are more to blame for racial discrimination than racial
and ethnic minorities (R).
7. Race plays an important role in who gets sent to prison (R).
Average Rating
8. It is important that people begin to think of themselves as American
and not African American or Mexican American or Italian American.
9. Due to racial discrimination, programs such as affirmative action are
necessary to help create equality (R).
10. White people in the U.S. are discriminated against because of the color
of their skin.
11. Immigrants should try to fit into the culture and values of the U.S.
12. English should be the only official language in the U.S.
13. Social policies, such as affirmative action, discriminate unfairly against
white people.
14. Racial and ethnic minorities in the U.S. have certain advantages
because of the color of their skin.
Average Rating
15. Racism is a major problem in the U.S (R).
16. Racism may have been a problem in the past, but it is not an important
problem today.
17. Talking about racial issues causes unnecessary tension.
18. It is important for political leaders to talk about racism to help work
through or solve society's problems (R).
19. It is important for public schools to teach about the history and
contributions of racial and ethnic minorities (R).
20. Racial problems in the U.S. are rare, isolated situations.
Average Rating

Mean Rating
3.81
2.88
3.75
2.44
2.56
2.88
3.25
3.08
2.31
2.44
2.31
2.50
1.88
2.25
2.33
2.29
1.75
1.56
2.56
1.50
1.50
1.57
1.74

Note. R = Reverse scored. Factor 1 = unawareness of racial privelege, Factor 2 = unawareness of
institutional discrimination, and Factor 3 = unawareness of blatant racial issues. High scores indicate
greater levels of color-blindness to racial issues, denial, and/or unawareness. All items were on a 5-point
Likert Scale (1=Strongly Disagree; 5=Strongly Agree).
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ERP Grand Averages
In general, looking at Black faces elicited more enhanced P3 amplitudes than
when looking at White faces, with or without music. Looking at rare Black faces in Trial
2 without music elicited the greatest P3 response (M = 9.67 µV, SD = 1.05) and looking
at frequent White faces, with and without music, in Trial 1 elicited the smallest P3
amplitude (M = 1.92 µV, SD = 0.77, M = 2.26 µV, SD = .91, respectively). See Table 6
for descriptive statistics.

Table 6
Means and Standard Deviations of P3 Amplitudes

White Frequent

Black Frequent

White Rare

Black Rare

Music Presence
Music
No Music
Total
Music
No Music
Total
Music
No Music
Total
Music
No Music
Total

Mean
1.5738
2.2625
1.9181
2.0125
6.1075
4.0600
2.0750
7.4625
4.7688
5.5288
9.6663
7.5975

SD
.76984
.91173
.88938
.86262
.79464
2.26134
.80312
1.42422
2.99794
.71677
1.04676
2.30567

Note. Participants listening to relaxing music had less enhanced P3 responses when looking at frequent
Black faces, rare Black faces, and rare White faces.
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Since there was one independent variable with two categorical, independent
groups (i.e., music versus no music) and four dependent variables, a one-way MANOVA
was used to compare the strength of the P3 brain wave amplitude when 1) looking at
White faces frequently; 2) looking at White faces rarely; 3) looking at Black faces
frequently; and 4) looking at Black faces rarely, when listening to music and when not
listening to music. The following MANOVA seven assumptions were checked and were
not violated: 1) independence of observations; 2) adequate sample size; 3) absence of
multivariate outliers; 4) multivariate normality; 5) linearity; 6) homogeneity of variance;
and 7) absence of multicollinearity. Levene's test for equality of variance was not
significant. There was a statistically significant difference in P3 amplitude based on the
presence of relaxing music, F(1, 14) = 75.57, p = < .001, Wilk's Λ = .035, ηp2 = .965.
Listening to relaxing music elicited a less enhanced P3 amplitude when looking at
rare Black faces in Trial 1, F(1, 14) = 85.09, p < .001, ηp2 = .859, as well as when looking
at rare White faces in Trial 2, F(1, 14) = 86.86, p < .001, ηp2 = .861. Surprisingly,
relaxing music also elicited a less enhanced P3 amplitude when looking at frequent black
faces in Trial 2, F(1, 14) = 97.53, p = < .001, ηp2 = .874. Relaxing music did not have an
effect on P3 amplitude when looking at frequent White faces in Trial 1 F(1, 14) = 2.67,
p = .125, ηp2 = .160. See Table 7 for the MANOVA results.
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Table 7
Multivariate Analysis of Variance
Source
Intercept

Music Presence

Error

Total

DV
White Frequent
Black Frequent
White Rare
Black Rare
White Frequent
Black Frequent
White Rare
Black Rare
White Frequent
Black Frequent
White Rare
Black Rare
White Frequent
Black Frequent
White Rare
Black Rare

Type III SS
58.867
263.738
363.856
923.552
1.898
67.076
116.101
68.476
9.967
9.629
18.714
11.266
70.732
340.443
498.670
1003.294

df
1
1
1
1
1
1
1
1
14
14
14
14
16
16
16
16

MS
F
Sig. ηp2
58.867
82.68 .000 .855
263.738 383.46 .000 .965
363.856 272.21 .000 .951
923.552 1147.65 .000 .988
1.898
2.67
.125 .160
67.076
97.53 .000 .874
116.101 86.86 .000 .861
68.476
85.09 .000 .859
.712
.688
1.337
.805

Note. Music significantly reduced the strength of the P3 amplitude during both visual odd-ball stimuli
presentations (i.e., when looking at rare Black faces in Trial 1 and when looking at rare White faces in Trial
2), as well as when participants were looking at frequent Black faces in Trial 2).

Figure 4 shows the grand averages for the rare Black faces in Trial 1 and rare
White faces in Trial 2. Figure 5 shows the grand averages for the frequent White faces in
Trial 1 and frequent Black faces in Trial 2. Grand average 3D topography at the Pz
electrode is shown in Figure 6. Topography reveals that there is greater right occipital
and right parietal lobe activation when listening to music. Activation is greatest in the
bilateral occipital lobes without music.
31

White Rare P3 Grand Averages at Pz

Amplitude (microvolts)

Music =
No Music =

Latency (milliseconds)

Black Rare P3 Grand Averages at Pz

Amplitude (microvolts)

Music =
No Music =

Latency (milliseconds)
Figure 3. Rare stimuli P3 brain wave Pz grand averages when presented with the visual odd-ball stimuli.
The highlighted region in red shows where the P3 peak is.
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White Frequent P3 Grand Averages at Pz

Amplitude (microvolts)

Music =
No Music =

Latency (milliseconds)

Black Frequent P3 Grand Averages at Pz

Amplitude (microvolts)

Music =
No Music =

Latency (milliseconds)
Figure 4. Frequent stimuli P3 brain wave Pz grand averages when presented with the visual odd-ball
stimuli. The highlighted region in red shows that the P3 is more enhanced when looking at Black faces.
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Figure 5. Grand average 3D topography. This is shown at the Pz electrode at 426.00 msec, specifically
when looking at rare Black faces in Trial 1. The first image shows the areas of brain activity when not
listening to music, with greatest activation in the bilateral occipital lobes. The second image shows the
areas of brain activity when listening to music, with greatest activation in the right occipital and parietal
lobes.
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CHAPTER V
DISCUSSION
Current Findings
ERP Analysis
The P3 brain wave is elicited and measured when an individual is presented with
an incongruent stimulus among congruent stimuli. In this study there were two trials. The
first trial consisted of White faces presented 80 percent of the time (i.e., congruent
stimuli) and Black faces presented 20 percent of the time (i.e., incongruent stimuli). The
second trial consisted of Black faces presented 80 percent of the time (i.e., congruent
stimuli) and White faces presented 20 percent of the time (i.e., incongruent stimuli). With
this in mind, it was anticipated that both incongruent stimuli (i.e., rare Black faces in
Trial 1 and rare White faces in Trial 2) would serve as the visual odd-ball and would
elicit an enhanced P3 response. As seen in Figure 4, this held true. However, there was a
much bigger P3 response when looking at rare Black faces, compared to rare White faces,
as hypothesized. This suggests that this increased P3 response was due to an implicit bias
reaction when looking at Black faces.
It was not expected for frequent White faces in Trial 1 or frequent Black faces in
Trial 2 to result in an enhanced P3 response, as those faces were among congruent
stimuli. However, this only held true for frequent White faces in Trial 1. Interestingly
enough, when participants were looking at Black faces in Trial 2 (even when they were
presented 80 percent of the time), there was still a large P3 response. It is as if the
implicit bias was so strong, that Black faces elicited a large P3 response, no matter how
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often or rarely the Black faces were presented. In other words, every time a Black face
popped up on the screen, it elicited a large P3 response, indicating outgroup bias. This
enhanced P3 response did not occur when participants were looking at frequent White
faces in Trial 1. The presentation of relaxing music also played a role in P3 amplitude
differences.
Music Analysis
The findings in this study showed that relaxing music resulted in a less enhanced
P3 amplitude when looking at Black faces. This was true for when participants were
looking at Black faces frequently (i.e., 80 percent of the time) and when Black faces were
presented rarely (i.e., only 20 percent of the time). These results suggest that relaxing
music reduced implicit bias. It is also important to note that relaxing music also reduced
the P3 amplitude when participants were looking at rare White faces. The rare White
faces in Trial 2 served as the incongruent stimuli and music reduced the P3 response in
that condition as well. It's as if music relaxed the participant to the point of not reacting to
incongruent stimuli as much different than congruent stimuli. It is evident that music can
have a profound effect on brain wave activity, which comes to no surprise, as there is
much research that has shown its powerful therapeutic impact on the brain.
The field of Music Neuroscience started to become more established after the
publication of Music and the Brain: Studies in the Neurology of Music in 1977, with
publication trends at a consistent pace since then (Albusac-Jorge & Giménez-Rodríguez,
2015). Moreover, the field of music therapy continues to expand and the need to better
understand music’s impact on brain function continues to grow. In listening to music, it
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is evident that there are numerous cognitive processes that occur, and multiple brain
regions are involved simultaneously (Warren, 2003). However, due to the complexity of
music stimuli and uniqueness of the intervention per each individual, it is difficult to
identify exactly which aspect of the song or music piece causes the emotional and
therapeutic effect (O'Kelly, 2016). Music Neuroscience has struggled with replicability
and this could be because music therapy is specifically tailored to the individual. This
raises a problem when wanting to illustrate empirical comparisons. There are many
auditory qualities and musical elements that play a role in music (e.g., chords, rhythm,
pitch, timbre, melody, affect, harmony, semantics, tone), which can affect how the music
is interpreted by the individual. It has also been determined that the choice of music,
method of music delivery, and qualifications of the therapist affect music intervention
outcomes (Robb, Burns, & Carpenter, 2011). It is important to consider these specific
details of music analysis to improve chances of replication and future cross-study
comparisons. Therefore, the current study analyzed the musical piece to determine what
aspects made it relaxing/therapeutic for the participants.
In relation to musical choice, the participants in the current study were not given
the option of bringing in their own music piece due to the possibility of influence on
memory, which could have an effect on brain wave activity. It is preferred to not include
self-selected music to prevent any subjective associations with the particular music piece.
Gymnopédie No. 1 was specifically used in this study due to its high relaxation rating in
the pilot study and in other research studies (Rickard et al., 2012; Iwanaga, Ikeda, &
Iwaki, 1996; Sand & Levin, 1997). It was found that participants preferred a music piece
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that did not elicit a sad or happy mood and associated a more neutral mood with highest
relaxation. A simple rhythmic ostinato and less differing music parts (less thick texture)
was more audibly pleasing, in terms of relaxation. See Appendix C for the published
sheet music for Gymnopédie No. 1. The next section will discuss the three scales and
their ratings.
Survey Ratings
Surveys were not given directly to the researcher, nor were they analyzed until
data collection was complete. This prevented participant reactivity and evaluation
apprehension from occurring. Since the researcher was not present and the participant
knew that the researcher would not see their answers on the prejudice and racial attitudes
surveys and be able to trace them back to the name on the informed consent, this
provided extra ease and comfort in answering as truthfully as possible.
The Internal and External Motivation to Respond without Prejudice scale revealed
that participants had high internal motivation and moderate external motivation. Every
single statement in the internal motivation items was scored very high. The following
statement was the highest rated: I am personally motivated by my beliefs to be
nonprejudiced toward black people. There were only four participants who scored very
high on the external motivation items. There was one specific item that resulted in high
scores from all participants: Because of today's politically correct standards, I try to
appear nonprejudiced toward black people. Ratings on the second scale, Motivation to
Control Prejudiced Reactions, revealed mixed results. Although seven out of 16
participants showed moderate to high ratings of wanting to react in a less prejudiced
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manner, the rest showed a neutral stance. The two highest rated items were the following:
1) It bothers me a great deal when I think I've offended someone so I'm always careful to
consider other people's feelings; and 2) If I have a prejudiced thought or feelings I keep it
to myself.
The Color-Blind Racial Attitudes scale investigated three different factors in the
20 items. Factor 1 explored unawareness of racial privilege, while Factor 2 and Factor 3
explored unawareness of institutional discrimination and unawareness to blatant racial
issues, respectively. Participants scored the highest on survey items investigating Factor 1
(i.e., unawareness of racial privilege), with 8 out of the 16 participants scoring very high.
There were two questions in particular that resulted in the highest scores. Although
almost all participants indicated that they were aware that white people in the US have
certain advantages because of the color of their skin, most disagreed with the following
statements: 1) Everyone who works hard, no matter what race they are, has an equal
chance to become rich; and 2) race is very important in determining who is successful
and who is not. This showed that the majority of the participants in this study did not
believe that race plays a role in success or wealth. Based on rating scores, participants did
indicate that they were aware that blatant acts of racism occur in society. Four out of 16
participants scored high on survey items investigating Factor 2, but the overall scores
indicated that participants were mostly aware that institutional discrimination exists. The
highest rated item was on the following statement: Due to racial discrimination,
programs such as affirmative action are necessary to help create equality. Only two out of
16 participants scored high on survey items investigating Factor 3, but the overall scores
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indicated that participants were aware of blatant acts of racial issues. The highest rated
item was on the following statement: Talking about racial issues causes unnecessary
tension. Although the surveys provided interesting insight to participant motivations
regarding prejudice and their attitudes on racial matters, there were some limitations.
Limitations
It would have been more beneficial to include a larger Likert scale, as the one in
this study included only five options (i.e., 1 – Strongly Disagree, 5 – Strongly Agree).
There was a neutral (i.e., score of 3) option which many participants chose, as it is an
easy choice to select when not wanting to make a directional decision. A larger Likert
scale, even a 6-point Likert scale without a neutral option, would have forced the
participants to make a choice in either direction, therefore producing more meaningful
results for interpretation. It is also difficult to make inferences off of the surveys used in
this study, as they all measure different things (i.e., internal vs external motivations to
control prejudiced thoughts, motivations to control prejudiced reactions, and colorblindness to racial privilege, institutional racism, and blatant racist acts). Additionally, it
is difficult to know how honest the participants were in their responses. It is possible that
some participants tried to answer in a non-prejudiced manner to avoid negative feelings,
such as guilt and embarrassment. P3 brain wave responses could have been potentially
affected because the survey portion came before the EEG portion of the study. However,
P3 responses were still quite significant when looking at Black faces, so it would be
unlikely that the survey primed the ERP responses and resulted in less racial bias. The
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survey responses may have differed if they were given after the EEG portion of the study,
especially if participants were in the music condition.
There were also limitations due to the small sample size. Initially, the study
design proposed to include a second independent variable (photograph frequency order)
in order to counterbalance the presentation of the race of the individuals in the
photographs. In other words, half of the participants would be placed in the condition
where they viewed White faces frequently in the first trial and Black faces frequently in
the second trial. The other half of the participants would be placed in the other condition
where they viewed Black faces frequently in the first trial and White faces frequently in
the second trial. However, this would have required four separate groups: 1) White faces
frequent first condition with music; 2) White faces frequent first condition without music;
3) Black faces frequent first condition with music; and 4) Black faces frequent first
without music). Due to a small sample size of 16, all participants viewed White faces
frequently first. Future studies should incorporate counterbalancing to determine if that
results in any P3 grand average differences. Additionally, correlation analyses between
survey scores and P3 grand averages were not conducted due to the small sample size.
Future Research
The current study is among the first to have investigated relaxing music effects on
racial bias and further work is necessary to full understand the relationship of music and
implicit racial bias. Specifically, it would be worthwhile to investigate how long the
music effects last on implicit racial bias. An interesting question would be whether the
effects found in the current study (e.g., P3 amplitude differences) are temporary or more
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long lasting. Other potential research avenues could include using different types of
music. For example, are the effects found in the current study only prevalent with
relaxing music or would the same effect be present if the participants were listening to
their preferred music genre choice. Finally, it would also be interesting to identify
whether racial attitudes and thoughts on prejudice would change on survey responses if
the survey is given as a post-test or at a later point in time (e.g., a week later).
Conclusion
Racial discrimination and racial bias continue to remain prevalent in today’s
society (Beamon, 2014; Kraus, Rucker, & Richeson, 2017; Kwate & Goodman, 2015;
Priest et al., 2014). There could be several explanations for this, but one factor is that
people are just not as upset about racial bias as they think they are. Kawakami, Dunn,
Karmali, and Dovidio (2009) found that participants overestimated their predicted
distressed emotional response to witnessing a racist act. Experiencers who actually
witnessed the racial act being done felt indifference. Racial bias and indifference towards
racism is especially worrisome because there is now evidence that experiencing racism is
causing health disparities among African American men (Hammond, Fleming, & VillaTorres, 2016) and women (Prather, Fuller, Marshall, & Jeffries, 2016). Consequently, it
is important that more research is targeted toward finding potential solutions for reducing
racial bias.
It is encouraging that in the current study, relaxing music was able to result in less
enhanced P3 responses when looking at Black faces, as this leads to many potential
avenues of research, such as future use in music therapy for individuals with negative
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racial attitudes and prejudiced beliefs. It would also be worthwhile to investigate whether
relaxing music would have the same effect on other forms of bias (i.e., gender, age, class)
and stereotypical beliefs. The findings of the current study are a small step towards a
potential solution, but it is noteworthy that the therapeutic effects of music may extend
beyond medical health and mental health concerns, and impact social cognitive factors,
like implicit racial bias. Ultimately, research like the current may enhance understanding
of racial biases which continue to exist in modern society and provide further insight on
the factors that could decrease prejudice.
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APPENDIXES
APPENDIX A
CHICAGO FACE DATABASE

All photographs were obtained from the Chicago Face Database (Ma, Correll, &
Wittenbrink, 2015). These high-resolution photographs are examples of the kinds of
pictures that the participants were shown during the visual odd-ball task. Only neutral
facial expressions were used. Both males and females were shown in the photographs,
with ages varying from 17-65.
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APPENDIX B
PREJUDICE AND RACIAL ATTITUDES SURVEY

Please select the number that best represents your answer in
each statement to the best of your ability.
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Survey 1 of 3
1. Because of today's politically correct standards, I try to appear nonprejudiced toward
black people.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

2. I try to hide any negative thought about black people to avoid negative reactions from
others.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

3. I attempt to act in nonprejudiced ways toward black people because it is personally
important to me.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

4. I try to act nonprejudiced toward black people because of pressure from others.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

5. According to my personal values, using stereotypes of black people is okay.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

6. If I acted prejudiced toward black people, I would be concerned that others would be
angry with me.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

7. Being nonprejudiced toward black people is important to my self-concept.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

8. I attempt to appear nonprejudiced toward black people in order to avoid disapproval
from others.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

9. Because of my personal values, I believe that using stereotypes about black people is
wrong.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

10. I am personally motivated by my beliefs to be nonprejudiced toward black people.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

Survey 2 of 3
1. In today's society it is important that one not be perceived as prejudiced in any
manner.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

2. I always express my thoughts and feelings, regardless of how controversial they
might be.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

3. I get angry with myself when I have a thought or feeling that might be considered
prejudiced.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

4. If I were participating in a class discussion and a black student expressed an opinion
with which I disagreed, I would be hesitant to express my own viewpoint.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

5. Going through life worrying about whether you might offend someone is just more
trouble than it's worth.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

6. It's important to me that other people not think I'm prejudiced.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

7. I feel it's important to behave according to society's standards.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

8. I'm careful not to offend my friends, but I don't worry about offending people I don't
know or don't like.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

9. I think that it is important to speak one's mind rather than to worry about offending
someone.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

Agree
4

Strongly Agree
5

10. It's never acceptable to express one's prejudices.
Strongly Disagree
1

Disagree
2

Neutral
3

11. I feel guilty when I have a negative thought or feeling about a black person.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

12. When speaking to a black person, it's important to me that he/she not think I'm
prejudiced.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

13. It bothers me a great deal when I think I've offended someone so I'm always careful
to consider other people's feelings.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

14. If I have a prejudiced thought or feeling, I keep it to myself.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

Agree
4

Strongly Agree
5

15. I would never tell jokes that might offend others.
Strongly Disagree
1

Disagree
2

Neutral
3
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16. I'm not afraid to tell others what I think, even when I know they disagree with me.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

17. If someone who made me uncomfortable sat next to me on a bus, I would not hesitate
to move to another seat.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

Survey 3 of 3
1. White people in the U.S. have certain advantages because of the color of their skin.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

2. Race is very important in determining who is successful and who is not.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

3. Race plays an important role in who gets sent to prison.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

4. Race plays a major role in the type of social services (such as type of health or day
care) that people receive in the U.S.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

5. Racial and ethnic minorities do not have the same opportunities as white people in the
U.S.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

6. Everyone who works hard, no matter what race they are, has an equal chance to
become rich.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

7. White people are more to blame for racial discrimination than racial and ethnic
minorities.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

8. Social policies, such as affirmative action, discriminate unfairly against white people.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

9. White people in the U.S. are discriminated against because of the color of their skin.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

10. English should be the only official language in the U.S.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

11. Due to racial discrimination, programs such as affirmative action are necessary to
help create equality.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

12. Racial and ethnic minorities in the U.S. have certain advantages because of the color
of their skin.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

13. It is important that people begin to think of themselves as American and not African
American or Mexican American or Italian American.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

14. Immigrants should try to fit into the culture and values of the U.S.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

15. Racial problems in the U.S. are rare, isolated situations.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

16. Talking about racial issues causes unnecessary tension.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

Agree
4

Strongly Agree
5

17. Racism is a major problem in the U.S.
Strongly Disagree
1

Disagree
2

Neutral
3

18. It is important for public schools to teach about the history and contributions of racial
and ethnic minorities.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

19. It is important for political leaders to talk about racism to help work through or solve
society's problems.
Strongly Disagree
1

Disagree
2

Neutral
3

Agree
4

Strongly Agree
5

20. Racism may have been a problem in the past, but it is not an important problem
today.
Strongly Disagree
1

Disagree
2

Neutral
3
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Agree
4

Strongly Agree
5

APPENDIX C
GYMNOPÉDIE NO. 1 SHEET MUSIC

63

64

65

66

